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Abstract
Alkanes are some of the most abundant organic molecules, yet currently there are no efficient
ways of directly converting them to more functional molecules. One viable method of direct
functionalization is C–H bond activation by transition metal catalysts. The focus of this research
has been the synthesis of a new Pt(II) pincer complex to be used in mechanistic investigations of
C–H activation, as well as the beginnings of those investigations. The complex [NNON]PtMe
was successfully synthesized. Reactions with various acids indicated that [NNON]PtMe is
capable of reductively eliminating methane after addition of two equivalents of acid. Reactions
with methylating agents indicated that [NNON]PtMe was methylated at the O substituent of the
ligand rather than at the Pt center after the addition of one equivalent. Reductive elimination of
ethane follows after a second addition. These results call for more detailed investigations into the
mechanism of elimination. So far, [NNoN]PtMe has been a promising molecule for the study of
C–H activation.
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Introduction
Organic synthesis is the process of making complex organic molecules from smaller, simpler
ones by forming C–C bonds. Often, this is done by taking advantage of the reactivity conferred
on molecules by their various functional groups.1 Alkanes consist only of relatively inert sp3 C–C
and C–H bonds (typical bond dissociation energies range between 96 and 101 kcal/mol at 298
K,2 and these bonds are non-polar and non-acidic), and most processes to convert them to more
functional molecules the use of expensive, environmentally damaging reagents such as halogens
or peroxides. As they are among the most abundant organic molecules, the direct
functionalization of alkanes has been a high area of interest in organic synthesis1. This would
enable more step-efficient synthetic pathways with applications to several fields of synthesis.
The focus of this research has been the synthesis of a new Pt(II) pincer complex to be used in
mechanistic investigations of C–H activation.
C–H Functionalization
Current methods of C–H functionalization fall into three categories: radical pathways, carbene
insertion, and transition metal-catalyzed C–H activation.3 Radical pathways are driven by the
high reactivity of radical species. A metal radical or organic oxidant first abstracts a proton from
the alkane. The resulting alkyl radical is rebound to a radical partner, which adds a functional
group in the place of the abstracted proton. Radical pathways have led to many C–H
functionalizations; in particular, the use of organic photocatalysts in radical pathways is a
growing topic.4 However, substrate scope is generally limited to cycloalkanes due to lack of
control over regiochemistry: the general trend of C–H bond reactivity is 3º > 2º > 1º.

1

Hartwig, J.F., J. Am. Chem. Soc. 2015, 138, 2–24.
Blanksby, S.J., and Ellison, G.B., Acc. Chem. Res. 2003, 36, 255–263.
3
Tang, X., Jia, X., Huang, Z., Chem. Sci. 2018, 9, 288–299.
4
Zhang, H. and Lei, A., Asian J. Org. Chem. 2018, 7, 1164–1177.
2
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Carbenes are molecules that contain a C with only 6 valence electrons, an incomplete
octet. Carbene insertion into a C–H bond occurs through a mechanism involving an interaction
between the empty carbene p-orbital and the C–H s-bond. Control over regio- and
stereochemistry can be achieved via carbene insertion, yet currently only C–C bonds are capable
of being formed by this method.5
Transition metals are able to break relatively inert sp3 C–H bonds due to two different dorbital interactions. 6 First, there is the sigma donation of the full C–H bonding molecular orbital
into an empty d-orbital of the metal (Figure 1). Second, there is the pi-backbonding of a full pisymmetry metal d-orbital into an empty C–H s* antibonding molecular orbital.

CH3

CH3
M

M
H

H

Figure 1: Interactions between transition metal d-orbitals and C–H orbitals.
The strong M–H and M–C bonds that are formed overcome the energetic cost of breaking a C–H
bond. Transition metal-catalyzed C–H activation may be of more interest for large-scale
synthesis to due preferential activation of primary (terminal) bonds.3
Transition Metal-Catalyzed C–H Activation
C–H activation can be catalyzed by a wide variety of transition metals. Activation by first row
earth-abundant transition metals is a growing area of research due to these metals’ lower cost and
lower toxicity.7 However, most C–H activations have been accomplished using noble metal
catalysts.5 Late transition metals, metals on the right side of the d-block (columns 8–12), tend to
5

Chu, J.C.K., Rovis, T., Angew. Chem. Int. Ed. Engl. 2018, 57(1), 62–101.
Balcells, D., Clot, E., Eisenstein, O., Chem. Rev. 2010, 110, 749–823
7
Gandeepar, P., Müller, T., Zell, D., Cera, G., Warratz, S., Ackermann, L. Chem. Rev. 2019, 119, 2192–2452.
6
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have a preference for square planar geometry8, which has open coordination sites for reaction.
C–H activation by 2nd row transition metals has a number of practical synthetic applications. Pd
is a particularly versatile metal catalyst.5 3rd row transition metals are generally used for
mechanistic investigations; the stronger M–C and M–H bonds that they form can make these
metals impractical for synthesis.9 Pt can be considered the 3rd row analog to Pd, and
investigations on Pt can be instructive of mechanisms of the latter. Using a mixture Pt(II) and Pt
(IV) salts, the Shilov group developed the first homogenous catalytic system for C–H activation
in 1969 (catalytic in Pt(II), stoichiometric in Pt(IV)).10 In 1998, Periana et al. reported a catalytic
system that converted methane to methyl bisulfate and is catalytic in Pt(II).11 This system is a
landmark for catalytic methane functionalization by Pt.12 Pt continues to be a relevant subject of
research, especially with respect to mechanistic investigation.
Oxidative Addition
C–H activation by low-valent, electron rich late transition metals like Pt generally proceeds by
oxidative addition (OA).6 An OA reaction is characterized by an increase by two of the
coordination number, the formal oxidation state of the metal, and the electron count13 (Figure 2).

Ir (I)
CN = 4
16 valence e-

Ir (III)
CN = 6
18 valence e-

Figure 2: Example of an oxidative addition reaction.

8

Muessler, G. L., Fischer, P. J., Tarr, P. A. Inorganic Chemistry, 5th edition; Pearson, New Jersey, 2014, p 396.
Labinger, J. A., Chem. Rev. 2017, 117, 8483.
10
Gol’dshleger, N.F., Tyabin, M.B., Shilov, A.E., Shteinman, A.A., Zh. Fiz. Khim. 1969, 43, 2174; Russ. J. Phys.
Chem. 1969, 43, 1222 (english translation).
11
Periana, R.A., Taube, D.J., Gamble, S., Taube, H., Satoh, T., Fujii, H., Science. 1998, 280 (5363), 560–564.
12
Lersch, M. and Tilset, M., Chem. Rev. 2005, 105, 2471–2526.
13
Muessler, G. L., Fischer, P. J., Tarr, P. A. Inorganic Chemistry, 5th edition; Pearson, New Jersey, 2014, p 514
9
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For a d8 Pt(II) complex, first an open site is generated on the 16 e- metal center6 (Figure 3).
Next, the alkane coordinates to the metal, generating a sigma complex intermediate. Concerted
cleavage of the C–H bond and formation of Pt–H and Pt–C bonds results in the OA product.

+

+

+

+

σ complex

Figure 3: Mechanism of OA to Pt(II) complex.
Pincer Complexes
Since their first reported synthesis in 197614, pincer ligands widely used in organometallic
synthesis due to their ability to modify the properties of transition metal complexes. Pincer
ligands are tridentate ligands usually of the form ECE, where E are neutral, 2-electron donors
and C is an anionic aryl center of a 2,6-disubstituted phenyl ring15 (Figure 4). In the case of
Pt(II) complexes, the pincer binds to the Pt center in a meridional fashion, positioning the aryl
ring of the pincer parallel to the coordination plane of the square-planar complex. This leaves
one site open for binding, the site trans to the anionic aryl C.

open
binding
site

electronic
effects

steric effects

Figure 4: Anatomy of a pincer ligand

14
15

Moulton, C. J. and Shaw, B. L., J. Chem. Soc., Dalton Trans. 1976, 76, 1020.
Albrecht, M. and van Koten, G., Angew. Chem. Int. Ed. 2001, 40, 3751.
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Pincer ligands are highly versatile, as they have three main areas that can be customized to tune
the steric and electronic properties of the metal center without disrupting its binding pattern
(Figure 5).
electronic and
steric effects
open
binding
site

electronic
effects

steric effects

Figure 5: Customizable areas of a pincer ligand
[NCN]PtMe study
The Williams lab has previously synthesized and studied the reactivity of a Pt(II) pincer complex
[NCN]PtMe (1), the first pincer complex of [ECE]PtR form. 16 With trifluoromethanesulfonic
(triflic, HOTf) acid, 1 immediately eliminates methane to form 2 (Scheme 1). With MeOTf, 1
similarly eliminates ethane to form 2; however, an agostic (s-bond) complex (3) was also
formed.
Scheme 1.

1

2

3

16

Madison, B. L.; Thyme, S. B.; Williams, B. S., J. Am. Chem. Soc. 2007, 129, 9538–9539.
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It was determined that 2 and 3 result from reductive elimination from a common 5-coordinate
intermediate (I) formed after nucleophilic attack by 1 on MeOTf (Scheme 2).
Scheme 2.

1

2

I

3

A Novel Ligand Designed for C–H Activation: NNOHN
OA to [NCN]Pt+ is a somewhat difficult reaction to study, as the OA product is relatively high in
energy. Reductive elimination (RE) from this product is rapid even at -78 ºC, and it is calculated
to be 13.8 eV higher in energy than [NCN]Pt+.17 We have therefore designed a new pincer ligand
2,6- bis(diethylaminomethyl)-4-pyridone (NNOHN, Figure 6) that should stabilize the OA
product, making this reaction more thermodynamically favorable and therefore easier to study.
Syntheses of similar pincer complexes based on 2,6-bis-amido-pyridine backbones have been
reported; preparations of such complexes usually involve the deprotonated ligand and a metal
salt.18

Figure 6: NNOHN ligand

17
18

Computations performed by Dr. Lori Watson of Earlham College.
Lawrence, M.A.W., Green, K-A., Nelson, P.N., Lorraine, S.C., Polyhedron. 2018, 143, 11–27.
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The [NNON] ligand should stabilize the OA product through both s- and p-interactions.
Compared to NCN, NNON has weaker s-interactions with Pt. The full C–H s-bonding orbital
interacts with the empty sp2d-hybridized orbital on Pt; this interaction competes with the
interaction between Pt and the ligand trans to the s-bond (Figure 7).

Figure 7: Competing s-interactions between the pincer ligand and C–H bond. 50% of the
interaction between Pt and C–H s is px in nature and competes with the trans ligand–Pt
interaction.
A weaker s-donor in the trans position will increase the strength of the interaction between Pt
and the C–H bond, stabilizing the OA product. In comparison to NCN, NNON is a much weaker
base and s-donor (compare pKa of the conjugate acid of pyridine ~ 5 to pKa of benzene ~ 40–
45).
NNON also has stronger p-interactions with Pt. As a p-donor, N can donate e- density to
the full dxz-orbital on Pt that is backbonding into the empty C–H s*-orbital (Figure 8). The C on
NCN cannot act as a p-donor, as it does not have an available lone pair.

12

CH3
N

Pt
H

pz

dxz

σ*

Figure 8: p-donation by N increases backbonding between Pt and C–H s*.
Additionally, the oxo group on the ring donates p-symmetry e- density towards the N para to it
(Figure 9). Oxo has s+ Hammett parameter of 2.3019, indicating that is a strong p-donating
substituent. The oxo group also preserves L2X classification of the ligand and the overall +1
charge of the complex. When comparing the [NCN]Pt+ and [NNON]Pt+ complexes, then, the
only difference in energy is due to the s- and p-interactions from above.
L

X

L

Figure 9: The oxo group donates e- density towards the N in the para position,
increasing its p-interaction with Pt.
Early computations17 supported the prediction that OA to an [NNON]Pt+ complex would be more
thermodynamically favorable, being approximately thermoneutral (Figure 10). Synthesizing
NNOHN has been a focus of the Williams lab since 2010.

19

Hansch, C., Leo, A., and Taft, R.W., Chem. Rev. 1991, 91, 165–195

13

Figure 10: Comparison of OA to [NCN]Pt and [NNON]Pt. Addition to [NNON]Pt is
less unfavorable.
Microscopic Reversibility
OA to [NNON]Pt+ could be investigated from either of two directions (Scheme 3). The first
would be by observing direct OA of methane following the addition of silver triflate (AgOTf) to
[NNON]PtX. The second would be by observing RE of methane following the addition of acid to
[NNON]PtMe.
Scheme 3. OA/RE from [NNON]Pt complexes. X = Cl, Br, etc.

The RE reaction is the exact reverse of the OA reaction. According to the principle of
microscopic reversibility20, then, these two reactions follow the same mechanism, simply in
reverse of each other. Results of investigations of the RE reaction can therefore be extrapolated
to the OA reaction. Efforts to make the [NNON]PtX complex have been unsuccessful; therefore,
this study has focused on reactions with the [NNON]PtMe complex.
[NNON]PtMe
Over the past ten years, the Williams lab has developed a seven-step synthesis of free NNOHN
ligand starting from acetone and diethyl oxalate (Scheme 4).

20

Lewis, G.N., Proc. Natl. Acad. Sci. USA. 1925, 11 (3), 179–183
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Scheme 4: Synthesis of [NNON]PtMe with 18% yield over seven steps.

The first goal of this research project was therefore to complete the last step of the synthesis:
metalating the pincer ligand to form the NNONPtMe complex. The second goal was to begin to
investigate its reductive elimination capabilities, starting with its reactivity to various acids and
methylating agents.
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Experimental Procedures
General Procedures
Unless otherwise specified, all reactions were carried out under ambient atmosphere in a fume
hood. NMR spectra were acquired on a Bruker Avance 500 spectrometer. Deuterated solvents
were used as received from Cambridge Isotope Laboratories. All 1H NMR characterization data
reported were obtained at 500.0 MHz, and all 13C {1H} NMR spectra at 250.0 MHz. Chemical
shifts are given in ppm downfield from TMS, and spectra were referenced to residual proteated
solvent (1H) or the solvent carbon (13C). 2,6- bis(chloromethyl)-4-benzyloxypyridine (1) was
prepared by N.S.B. Williams. HNEt2 was distilled in air for preparation of 2,6bis(diethylaminomethyl)-4-benzyloxypyridine (2).

Preparation of Ligand
Scheme 5: Preparation of ligand (3)

1

2

3

Preparation of 2,6- bis(diethylaminomethyl)-4-benzyloxypyridine (2)
To a round bottom flask, 0.9966 g (3.532 mmol, 1 equiv.) of ivory 2,6- bis(chloromethyl)-4benzyloxypyridine (1) crystals and 1.0587 g of white NaI powder (7.063 mmol, 2.000 equiv.)
were added. 15 mL CH2Cl2 was added, dissolving 1 but not the NaI. HNEt2 (2.56 mL, 2.47
mmol, 6.99 equiv.) was added via syringe. The mixture was allowed to reflux for three hours,
after which time the solution had turned pale yellow and salts remained visible at the bottom of
the flask. After cooling, the volume was increased to 50 mL CH2Cl2 and combined with 50 mL
saturated aqueous Na2CO3. The lower organic layer was drained the aqueous layer was extracted
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with two additional portions of CH2Cl2 (50 mL each); the combined organic fractions were dried
over Na2SO4. The solvent was removed under reduced pressure to afford 1.2691 g (3.570 mmol,
quantitative yield) of 2 as a viscous, clear, bright yellow oil. 1H NMR (CD2Cl2), d = 1.01 (t, 3JHH
= 7.5 Hz, 12H, NCH2CH3), 2.54 (q, 3JHH = 6.7 Hz, 8H, NCH2CH3), 3.58 (s, 4H, Ar-CH2-N),
5.11 (s, 2H, Bn-CH2-Ar), 6.98 (s, 2H, 3,5-ArH), 7.32–7.43 (m, 5H, Bn-H)
Preparation of 2,6- bis(diethylaminomethyl)-4-pyridone (3)
1.2691 g of 2 was dissolved in 50 mL methanol to which 0.1878 g of 10% Pd/C (0.1765 mmol,
0.0494 equiv.) was added. The flask was covered with a rubber septum, and a balloon of
hydrogen gas was bubbled through the solution via a syringe on a long needle. The needle was
lifted above the solution and the vent needle was removed. The reaction was left stirring under a
hydrogen atmosphere overnight. The next morning, the solution was filtered through Celite on a
coarse frit and the solvent of the filtrate was removed under reduced pressure to yield 0.8816 g of
3 as a viscous, clear, dark-yellow oil (3.322 mmol, 93% yield). 1H NMR (C6D6), d = 0.78 (t, 3JHH
= 7.5 Hz, 12H, NCH2CH3), 2.19 (q, 3JHH = 8.3 Hz, 8H, NCH2CH3), 3.08 (s, 4H, Ar-N-CH2),
6.70 (s, 2H, 3,5-ArH).

Preparation of Platinum Compounds
Synthesis of (COD)PtCl2
A modified literature procedure was followed.21 To a round bottom flask, 2.5000 g (6.0228
mmol, 1 equiv.) of bright red K2[PtCl4] crystals were added. Approximately 22 mL deionized
H2O and 33 mL n-PrOH were added to create a bright red solution. 5.48 mL (44.7 mmol, 7.42
equiv.) of 1,5-cyclooctadiene (COD) were added via syringe. 0.0755 g (0.398 mmol, 0.0661
equiv.) of SnCl2 catalyst was added. The flask was capped and covered in foil. After stirring for

21

Clark, H. C. and Manzer, L. E., J Organomet. Chem. 1973, 59, 411.
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three days, the bright red solution had turned clear and a light tan solid had formed. The solid
was filtered on a coarse frit and washed with H2O (2 x 30 mL) and with pentane (2 x 30 mL),
affording 1.249 g (3.338 mmol, 55% yield) of tan (COD)PtCl2 after drying. 1H NMR (CDCl3), d
= 2.27 (m, 4H, -CH’H), 2.71 (m, 4H, -CH’H), 5.62 (s w/ Pt sat, 2JPtH = 35 Hz, 4H, olefinic CH)
Synthesis of (COD)PtMeCl
A modified literature procedure was followed.22 In a round bottom flask, 0.4949 g (1.323 mmol,
1 equiv.) of (COD)PtCl2 were dissolved in approximately 44 mL MeOH and 33 mL CH2Cl2.
0.19 mL (1.4 mmol, 1.1 equiv.) of SnMe4 were added via syringe. The flask was capped and
covered in foil. After stirring for four days, a cloudy, pale-yellow solution resulted. The solvent
was removed under reduced pressure, leaving behind a light tan solid, which was recrystallized
in CH2Cl2/pentane (layered, 1:6 ratio). 0.3730 g (1.054 mmol, 80% yield) of pale ivory
crystalline (COD)PtMeCl were obtained. 1H NMR (CDCl3), d = 0.92 (s w/ Pt sat, 2JPtH = 35.5
Hz, 3H, Pt-CH3), 2.55–2.27 (m, 8H, -CH2 on COD), 4.51 (m w/ Pt sat, 2JPtH = 37.5 Hz, 2H,
olefinic CH on COD), 5.54 (s w/ Pt sat, 2JPtH = 12.5 Hz, 2H, olefinic CH’ on COD).
Synthesis of (NBD)PtCl2
A modified literature procedure was followed.23 In a round bottom flask, 1.1487 g (2.7674
mmol, 1 equiv.) of K2[PtCl4] were dissolved in approximately 20 mL H2O and 32 mL glacial
acetic acid, and 0.5 mL concentrated HCl was added. The solution was brought to reflux. A 0.94
mL (9.2 mmol, 3.3 equiv) of norbornadiene (NBD) was added. The solution was allowed to
reflux for 1.5 hours, during which time the solution had darkened to a deep red brown. The
reaction mixture was cooled to room temperature then transferred to a freezer for half an hour.

22

Dekker, G. P. C. M.; Buijs, A.; Elsevier, C. J.; Vrieze, K.; van Leeuwen, P. W. N. M.; Smeets, W. J. J.; Spek, A.
L.; Wang, Y. F.; Stam, C. H.; Organometallics. 1992, 11, 1937.
23
Butikofer, J.L., Hoerter, J.F.; Peters, R.G.; Roddic, D.M.; Organometallics. 2004, 23, 440–408.
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The solids were collected on a frit and rinsed with ice cold water (2 x 30 mL). The resulting gray
solid was recrystallized in CH2Cl2/hexanes (layered, 1:6 ratio). 179 mg (0.500 mmol, 18% yield)
of white solid were obtained. 1H NMR (CDCl3), d = 1.76 (s, 2H, 7-CH2), 4.37 (s, 2H, 1,4-CH),
5.36 (m w/ Pt sat, 2JPtH = 44.0 Hz, 4H, olefinic CH on NBD).
Synthesis of (NBD)PtMeCl
A direct preparation of (NBD)PtMeCl from (NBD)PtCl2 has been developed based on the
literature synthesis of (COD)PtMeCl from (COD)PtCl2.2 In a conical vial, 8.94 mg (0.250 mmol,
1 equiv.) of (NBD)PtCl2 was dissolved in 0.6 mL CH2Cl2 and 0.8 mL MeOH. 34.8 µL of SnMe4
(0.251 mmol, 1.00 equiv.) was added via syringe. The vial was capped, covered in foil, and left
stirring. After three days, a cloudy, pale yellow solution resulted. The solvent was removed
under reduced pressure, leaving behind 59.9 mg (0.177 mg, 71% yield) of white solid. 1H NMR
(C6D6), d = 0.73, 0.78 (ABq, JAB = 10 Hz, 2H, 7-CH), 1.07 (s w/ Pt sat, 2JPtH = 45 Hz, 2H, PtCH3), 2.84 (s, 2H, 1,4-CH), 3.66 (m w/ Pt sat, 2JPtH = 37.5 Hz, 2H, 5,6-CH), 4.97 (m w/ Pt sat,
2

JPtH = 15 Hz, 2H, 2,3-CH)

Platination
Base Screening
Scheme 6.

3

4

A 1 g batch of free ligand 3 was separated into samples of approximately 25 mg each. Each
sample was dissolved in CD3CN and transferred to a J. Young NMR tube. In each, 1 equiv. of
(COD)PtMeCl and 1 equiv. of base were added. Tubes were heated to reflux in cases where no
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room temperature reaction was observed by NMR spectroscopy. 1H NMR spectra were acquired
of 3, 3 + (COD)PtMeCl + base, and of 3 + (COD)PtMeCl + base at intervals after reflux.
After four hours of reflux, the reaction with K2CO3 had run to about 75% completion to a
new compound later characterized as 2,6- bis(diethylaminomethyl)4-pyridonate platinum (II)
methyl (4) and did not progress further even after an additional four hours of reflux. The reaction
with KOtBu resulted in intractable decomposition after 45 minutes at room temperature. After
four hours at reflux, the reaction with Na3PO4 afforded about 90% conversion of 3 to 4.
Preparation of 2,6- bis(diethylaminomethyl)4-pyridonate platinum (II) methyl (4)
To a recovery flask, 0.2902 g (0.8204 mmol, 1 equiv) of (COD)PtMeCl and 0.3176 g (0.8355
mmol, 1.018 equiv.) of Na3PO4•12 H2O were added. 0.2189 g (0.8248 mmol, 1.005 equiv.) of 3
were rinsed into the flask with 30 mL CH3CN. The reaction was allowed to reflux for fifteen
hours. After cooling to room temperature, the solution was filtered through Celite and the solvent
was removed under reduced pressure, leaving behind a viscous, clear, dark-yellow oil. A 5 g
Waters Sep-Pak Vac 20 cc, C18 column was washed three times each with 100% acetonitrile and
15% acetonitrile. The column was dry loaded with 50 mg of crude 4. The column was run with
an acetonitrile/water gradient from 15%–100% acetonitrile. Fractions were evaporated by speedvac overnight. Analysis by 1H NMR found most of 4 in the 50% fraction as a viscous, clear,
bright yellow oil. Columns run at approximately 375 mg scale had similar results. Several
recrystallization schemes were attempted; CH2Cl2 resulted in solid 4 but reasonable yields or
crystalline materials could not be obtained. The X-ray crystal structure remains unsolved. 1H
NMR (CDCl3), d = -0.047 (s w/ Pt sat, 2JPtH = 32.0 Hz, 3H, Pt–CH3), 1.43 (t, 3JHH = 7.5 Hz, 12
H, NCH2CH3), 2.71 (m, 4H, NCH’HCH3), 2.97 (m, 4H, NCH’HCH3), 3.91 (s, 4H, Ar-CH2-N),
6.29 (s, 2H, 3,5-ArH). 13C NMR (CD3CN), d = -13.59 (Pt-CH3, 1JPtC = 814 Hz), 13.24
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(NCH2CH3), 59.35 (NCH2CH3), 70.14 (Ar-CH2-N), 110.58 (3,5-Ar), 155.96 (2,6-Ar), 178.78 (4Ar)
Preparation of 4 from (NBD)PtMeCl
A J. Young tube was charged with 18.2 mg (0.0539 mmol, 1 equiv.) (NBD)PtMeCl and 21.7 mg
(0.0571 mmol, 1.06 equiv.) Na3PO4•12 H2O. 14.4 mg (0.0543 mmol, 1.01 equiv.) of 3 was
rinsed in using CD3CN. After 12 hours at room temperature, the reaction afforded approximately
80% conversion of 3 to 4, and all (NBD)PtMeCl had been consumed.
Preparation of 2,6- bis(diethylaminomethyl)4-pyridonate platinum (II) chloride (4’)
Scheme 7.

L2 = COD, NBD
3

4’

Synthesis of 4’ from 3 was attempted using (COD)PtCl2 and (NBD)PtCl2.
A J. Young tube was charged with 15.5 mg (0.0414 mmol, 1 equiv.) (COD)PtCl2 and
17.4 mg (0.0458 mmol, 1.11 equiv.) Na3PO4•12 H2O. 11.6 mg (0.0437 mmol, 1.06 equiv.) of 3
was rinsed in using CD3CN. When no reaction was observed at room temperature, the reaction
was brought to reflux. After half an hour, the reaction resulted in intractable decomposition.
A J. Young tube was charged with 20.4 mg (0.0570 mmol, 1 equiv.) (NBD)PtCl2 and
21.4 mg (0.0563 mmol, 0.988 equiv.) Na3PO4•12 H2O. 14.4 mg (0.0542 mmol, 0.951 equiv.) of
3 was rinsed in using CD3CN. At room temperature, the reaction immediately resulted in
intractable decomposition.
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Protonation
Scheme 8.

X = OTf- (a),
F3CCOO- (b),
H3CCOO- (c)

4

5a, 5b, 5c

6a, 6b

The reactivity of 4 was tested with trifluoromethanesulfonic (deuterotriflic, DOTf) acid,
trifluoracetic acid, and acetic acid.
Reaction with DOTf
In a glovebox under a nitrogen atmosphere, 7.9 mg (0.017 mmol, 1 equiv) of 4 was added to a J.
Young tube and dissolved in CD2Cl2. To this, 1.47 µL (0.017 mmol, 1.0 equiv.) of DOTf was
added via syringe. 1H NMR spectroscopy indicated immediate formation of two new compounds,
presumably 2,6- bis(diethylaminomethyl)4-deuteroxypyridine platinum (II) methyl triflate (5a)
and (2,6- bis(diethylaminomethyl)4-deuteroxypyridine)triflato platinum (II) triflate (6a) in an
approximately 2:1 ratio. 1H NMR of 5a (CD2Cl2), d = 0.16 (s w/ unresolvable Pt sat, 3H, Pt–
CH3), 1.45 (t, 3JHH = 7.5 Hz, 12H, NCH2H3), 2.78 (m, 4H, NCHH’CH3), 3.07 (m, 4H,
NCH’HCH3), 4.1 (s, 4H, Ar-CH2-N), 6.74 (broad peak, 3,5-ArH). 1H NMR of 6a (CD2Cl2), d =
1.57 (t, 3JHH = 7.5 Hz, 12H, NCH2H3), 2.90 (m, 4H, NCHH’CH3), 3.31 (m, 4H, NCH’HCH3),
4.28 (s, 4H, Ar-CH2-N), 6.74 (broad peak, 3,5-ArH).
Addition of a second equivalent of DOTf yielded full conversion to 6a. 1H NMR
(CD2Cl2), d = 1.58 (t, 3JHH = 7.5 Hz, 12H, NCH2CH3), 2.94 (m, 4H, NCH’HCH3), 3.37 (m, 4H,
NCH’HCH3), 4.27 (s, 4H, Ar-CH2-N), 7.09 (s, 2H, 3,5-ArH)
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Reaction with Trifluoroacetic Acid
In a glovebox under a nitrogen atmosphere, 6.3 mg (0.013 mmol, 1 equiv.) of 4 was added to a J.
Young tube and dissolved in THF-d8. 1 µL (0.013 mmol, 1 equiv.) of trifluoroacetic acid was
added using a microcapillary tube and plunger. 1H NMR spectroscopy indicated immediate
conversion of 4 to 2,6- bis(diethylaminomethyl)4-hydroxypyridine platinum (II) methyl
trifluoroacetate (5b) as well as a large excess of remaining acid. 1H NMR (THF-d8), d = 0.16 (s
w/ Pt sat, 2J = 32.5 Hz, 3H, Pt-CH3), 1.47 (t, 3JHH = 5 Hz, 12H, NCH2CH3), 2.84 (s, 4H,
NCH’HCH3), 3.08 (s, 4H, NCH’HCH3), 4.34 (s, 4H, Ar-N-CH2), 7.08 (s, 2H, 3,5-ArH)
When no further reaction was observed at room temperature, the reaction was brought to
reflux. After 24 hours of reflux, 1H NMR spectroscopy indicated 100% conversion of 5b to (2,6bis(diethylaminomethyl)4-hydroxypyridine)trifluoroaceto platinum (II) trifluoroacetate (6b). 1H
NMR (THF-d8), d = 1.54 (t, 3JHH = 7.5 Hz, 12H, NCH2CH3), 2.93 (s, 4H, NCH’HCH3), 3.19 (s,
4H, NCH’HCH3), 4.44 (s, 4H, Ar-N-CH2), 7.15 (s, 2H, 3,5-ArH)
Reaction with acetic acid
In a glovebox under nitrogen atmosphere, 9.8 mg (0.021 mmol, 1 equiv.) of 4 was added to a J.
Young tube and dissolved in CDCl3. 1 µL of acetic acid (0.0175 mmol, 1 equiv.) was added
using a microcapillary tube and plunger. 1H NMR spectroscopy indicated immediate conversion
of 4 to 2,6- bis(diethylaminomethyl)4-hydroxypyridine platinum (II) methyl acetate (5c) as well
as a large excess of remaining acid. 1H NMR (CDCl3), d = 0.07 (s w/ unresolved Pt sat, 3H, PtCH3), 1.46 (t, 3JHH = 7.5 Hz, 12H, NCH2CH3), 2.78 (s, 4H, NCH’HCH3), 3.05 (s, 4H,
NCH’HCH3), 4.34 (s, 4H, Ar-N-CH2), 6.82 (s, 2H, 3,5-ArH)
When no further reaction was observed, the reaction was brought to reflux. After 24
hours of reflux, 1H NMR spectroscopy still indicated no change.
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Methylation
Scheme 8.

4

X = OTf- (a),
I- (b)

7a, 7b

8a

The reactivity of 4 was tested with methyl triflate and methyl iodide.
Reaction with MeOTf
In a glovebox under a nitrogen atmosphere, 4.8 mg (0.010 mmol, 1 equiv.) of 4 was added to a J.
Young tube and dissolved in CD2Cl2. To this, 1.14 µL (0.010 mmol, 1.0 equiv.) MeOTf was
added via syringe. 1H NMR spectroscopy indicated immediate conversion at room temperature of
4 to 2,6- bis(diethylaminomethyl)-4-methyloxypyridine platinum (II) methyl triflate (7a).
Addition of a second equivalent resulted in no reaction at room temperature. 1H NMR (CD2Cl2),
d = 0.20 (s w/ Pt sat, 2JPtH = 35.0 Hz, 3H, Pt-CH3), 1.46 (t, 3JHH = 7.5 Hz, NCH2CH3), 2.83 (m,

4H, NCH’HCH3) 3.10 (m, 4H, NCH’HCH3), 3.93 (s, 3H, Ar-O-CH3), 4.28 (s, 4H, Ar-CH2-N),
7.03 (s, 2H, 3,5Ar-H). 13C NMR (CD2Cl2, CDCl3), d = -11.81 (1JPtC = 831 Hz, Pt-CH3), 13.83
(NCH2CH3), 58.42 (Ar-O-CH3), 59.96 (NCH2CH3), 70.54 (Ar-CH2-N), 108.05 (3,5-Ar), 157.76
(2,6-Ar), 168.10 (4-Ar).
The CD2Cl2 solvent was removed under reduced pressure and replaced with a
CDCl2CDCl2. A third equivalent of MeOTf was added. After 1.5 hours of reflux, 1H NMR
spectroscopy indicated full conversion of 7a to (2,6- bis(diethylaminomethyl)-4methyloxypyridine)triflato platinum (II) triflate (8a). 1H NMR (CDCl2CDCl2), d = 1.59 (t, 3JHH =
7.5 Hz, NCH2CH3), 2.96 (m, 4H, NCH’HCH3) 3.38 (m, 4H, NCH’HCH3), 4.02 (s, 3H, Ar-OCH3), 4.40 (s, 4H, Ar-CH2-N), 7.12 (s, 2H, 3,5Ar-H)
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Reaction with MeI
In a glovebox under a nitrogen atmosphere, 7.5 mg (0.021 mmol, 1.3 equiv.) of 4 was added to a
J. Young tube and dissolved in CD2Cl2. To this, 1 µL (0.016 mmol, 1 equiv. of MeI was added
using a microcapillary tube and plunger. 1H NMR spectroscopy indicated the conversion of 4 to
2,6- bis(diethylaminomethyl)4-methyloxypyridine platinum (II) iodide (7b) over 24 hours at
room temperature. 1H NMR (CD2Cl2), d = 0.20 (s w/ Pt sat, 2JPtH = 32.5 Hz, 3H, Pt-CH3), 1.50 (t,
3

JHH = 7.5 Hz, NCH2CH3), 2.91(m, 4H, NCH’HCH3), 3.12 (m, 4H, NCH’HCH3), 4.02 (s, 3H,

Ar-O-CH3), 4.45 (s, 4H, Ar-CH2-N), 7.32 (s, 2H, 3,5Ar-H).
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Results
Platination
Scheme 10. Platination of free ligand (3)
Na3PO4

3

acetonitrile,
overnight
reflux

4

Platination of 2,6- bis(diethylaminomethyl)-4-pyridone (3) was attempted with K2CO3, KOtBu,
and Na3PO4 as a stoichiometric base. After four hours of reflux, the reaction with K2CO3 had run
to about 75% completion to a new compound later characterized as 2,6bis(diethylaminomethyl)4-pyridonate platinum (II) methyl (4) and did not progress further even
after an additional four hours of reflux. The reaction with KOtBu resulted in intractable
decomposition after 45 minutes at room temperature. After four hours at reflux, the reaction with
Na3PO4 afforded about 90% conversion of 3 to 4. The reaction with Na3PO4 was repeated at a
0.21 g scale. After 15 hours of reflux, the reaction was judged complete by 1H NMR
spectroscopy. The crude product was purified by reverse-phase chromatography and fully
characterized by 1H (Figure 11), 13C, COSY24, HSQC25, and HMBC26 (Supplementary
Information) NMR experiments.
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COSY = Correlated Spectroscopy, shows correlation between protons that are coupled to each other
HSQC = Heteronuclear Single Quantum Coherence, shows correlation between 1H coupled to 13C one bond away
26
HMBC = Heteronuclear Multi-Bond Connectivity, shows correlation between 1H coupled to 13C two to three
bonds away
25

26

Figure 11: 1H NMR spectrum of 4. A new singlet with platinum satellites at -0.047 ppm
(2JPtH = 32.0 Hz) corresponds to the methyl group on the Pt. The quartet representing the
diastereotopic methylene protons of the NEt2 groups has split into two distinct multiplets.
The appearance of the Pt–Me signal indicates that the methyl group has been retained in the
product, and the splitting of the methylene signal indicates that both NEt2 arms are bound to the
Pt, changing the topicity of the methylene protons from enantiotopic to diastereotopic (Figure
12). These data indicate that 3 has successfully bound to Pt to create 4.

*

*

* *

Figure 12: Diastereotopic methylene protons of 4. Replacing either proton creates an
asymmetric center at the N and at the methylene C.
The assignment of the Ar carbons in the 13C NMR spectrum was confirmed by HSQC and
HMBC experiments (Figures 13, 14)
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Figure 13: HSQC shows 3,5-ArC correlating to 3,5-ArH

Figure 14: HMBC shows 2,6-ArC correlating to 3,5-ArH and Ar-CH2-N and 3,5-ArC
correlating to Ar-CH2-N.
As platination with (NBD)PtMeCl proceeded at a reasonable rate at room temperature, this may
be a better synthesis moving forward. Milder reactions could lead to a decreased formation of
byproducts and facilitate the isolation of 4.
Protonation
Scheme 8.

4

X = OTf- (a),
F3CCOO- (b),
H3CCOO- (c)

5a, 5b, 5c

6a, 6b

The reactivity of 4 was tested with trifluoromethanesulfonic (deuterotriflic, DOTf) acid,
trifluoracetic acid, and acetic acid. After addition of one equivalent of DOTf, 1H NMR
spectroscopy indicated immediate conversion at room temperature of 4 to two new compounds,
presumably 2,6- bis(diethylaminomethyl)4-deuteroxypyridine platinum (II) methyl triflate (5a)
and (2,6- bis(diethylaminomethyl)4-deuteroxypyridine)triflato platinum (II) triflate (6a), in a 2:1
ratio. Addition of a second equivalent of DOTf yielded full conversion to 6a (Figure 15).
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Figure 15: 1H NMR spectrum of 5. The Pt–Me signal has disappeared and been replaced
by a 1:1:1 triplet overlapping a sharp singlet, CH3D and CH4, respectively.
These data indicate that the Pt–Me group has been reductively eliminated as CH3D or CH4.
The reaction of 4 with trifluoracetic acid resulted in immediate formation of 2,6bis(diethylaminomethyl)4-hydroxypyridine platinum (II) methyl trifluoroacetate (5b) at room
temperature. After 24 hours of reflux, 1H NMR spectroscopy indicated 100% conversion of 5b to
(2,6- bis(diethylaminomethyl)4-hydroxypyridine)trifluoroaceto platinum (II) trifluoroacetate
(6b)27. In comparing 1H NMR spectra of 4 and 5b, the largest changes in chemical shifts were
observed for ArH and Ar-CH2-N (1.17 ppm and 0.41 ppm, respectively; changes in other shifts
were ~ 0.1-0.2 ppm). A similarly large change in these shifts was not observed in the 1H NMR
spectrum of 6b (all changes in shifts £ 0.11 ppm). This indicates that 6b is still protonated at O.
The reaction of 4 with acetic acid resulted in immediate formation of 2,6bis(diethylaminomethyl)4-hydroxypyridine platinum (II) methyl acetate (5c) at room
temperature. No further reaction was observed even after 24 hours of reflux in CDCl3.
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Presumably, methane was also formed, but it was not observed in the 1H NMR spectrum, likely resulting from
leakage from a heated NMR tube.
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Methylation
Scheme 9.

4

X = OTf- (a),
I- (b)

7a, 7b

8a

The reactivity of 4 was tested with methyl triflate and methyl iodide. After addition of one
equivalent of MeOTf, 1H NMR spectroscopy indicated immediate conversion at room
temperature of 4 to 2,6- bis(diethylaminomethyl)-4-methyloxypyridine platinum (II) methyl
triflate (7a) (Figure 16). Addition of a second equivalent resulted in no reaction at room
temperature. 7a was also characterized by 13C and HMBC NMR experiments (Supplementary
Information).

Figure 16: 1H NMR spectrum of 7a. A new signal at 3.93 ppm represents the methyl
protons of the O–Me group. The singlet at 4.22 ppm corresponds to excess methyl triflate.
The assignment of the O-Me and Ar-CH2-N protons were confirmed by an HMBC experiment
(Figure 17)
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Figure 17: HMBC shows O-CH3 correlating with 4-ArC, Ar-CH2-N correlating with 2,6ArC.
After 1.5 hours of reflux in the presence of one equivalent of MeOTf, 1H NMR spectroscopy
indicated full conversion of 7a to (2,6- bis(diethylaminomethyl)-4-methyloxypyridine)triflato
platinum (II) triflate (8a) (Figure 18).28

Figure 18: 1H NMR spectrum of 8a. The Pt–Me signal has disappeared. The signal
corresponding to O–Me remains. The singlet at 4.22 ppm corresponds to excess methyl
triflate
The reaction of 4 with methyl iodide resulted in formation of 2,6- bis(diethylaminomethyl)4methyloxypyridine platinum (II) iodide (7b) after 24 hours at room temperature.
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Presumably, ethane was also formed, but it was not observed in the 1H NMR spectrum, likely resulting from
leakage from a heated NMR tube.
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Discussion
It was assumed that 4 would react with acids and methylating agents similarly to [NCN]PtMe
and by the same mechanisms (Scheme 11).
Scheme 11.
Mechanism 1

4

5

I

However, addition of the methylating agents resulted in the methyl being added to the O
substituent of the pincer ligand to form a methylated complex 7a or 7b rather than the expected
RE product 5’ and C2H6. After 1.5 hours at reflux in the presence of an additional equivalent of
MeOTf, 7a did form 8a. The complex must therefore be more reactive at the O substituent than
at the Pt center. Since O is still methylated on 8a, RE must follow from a second methylation at
Pt, rather than from a transfer of the first methyl from O to Pt (Scheme 12). A second
mechanism is therefore proposed.
Scheme 12.
Mechanism 1.5

4

7

I

5

Mechanism 2

4

7a

I

8a
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This mechanism is consistent with a computational comparison of the energies of 4 protonated at
O and 4 protonated at Pt. The complex protonated at Pt was approximately 43.84 kcal higher in
energy than the complex protonated at O.29
This mechanism is also consistent with results from reactions of 4 with acetic acid and
trifluoracetic acid. In both reactions, nominal addition of one equivalent of acid resulted in
immediate conversion of 4 to 5b or 5c. The 1H NMR spectra indicated sufficient acid was
available for a second protonation at the Pt. Acetic acid is weak enough (pKa = 4.76) that the
protonation of Pt is too thermodynamically unfavorable to occur even at reflux in CDCl3. In the
case of trifluoracetic acid, protonation at Pt is also thermodynamically unfavorable. However,
trifluoracetic acid is strong enough (pKa = 0.23) for 5b to form 6b after reflux in THF-d8.
The results of the reaction of 4 with DOTf deviate from the other experiments. Nominal
addition of one equivalent resulted in formation of 5a and 6a in an approximately 2:1 ratio.
Addition of second equivalent resulted in full conversion to 6a. One possible explanation is that
the first addition of DOTf was in sufficient excess to result in 33% conversion to 6a (Scheme
13). The second addition then converted the remaining 5a to 6a.
Scheme 13. DOTf reacts with 4 by the same mechanism as other electrophiles.
Mechanism 2

4

5a

5a, 66%

6a, 33%

If exactly 1 equiv. DOTf was added, this result suggests that protonation at Pt is about as likely
as protonation at O or that the second protonation at Pt proceeds at faster a rate than the first
protonation at O. Given the results of the other experiments, this conclusion does not apply to all

29

Computations performed by Emma Cooper (Pitzer College, ’22)
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electrophiles. If the second protonation proceeds at a faster rate, 5a would react again upon
formation to form 6a (Scheme 14); simultaneously, the remaining 4 would continue to react and
form 5a.
Scheme 14. The second protonation occurs at a faster rate.
Mechanism 3

4

5a

4

6a, 33%

5a, 66%

Initially, 4 is at a much higher concentration than 5a. Reaction of 4 with DOTf would be more
likely than reaction of 5a with DOTf, even though the latter reaction is faster. This could account
for the higher concentration of 5a. However, it seems unlikely that 100% of 4 would be
converted to 5a.
As DOTf is an extremely strong acid (pKa ~ -15), it may be sufficiently strong for
protonation of both Pt and O to be kinetically facile and thermodynamically favorable.
Protonation at either site could occur; therefore, addition of the first equivalent of DOTf would
lead to formation of 5a and 5a’ (Scheme 15). The second addition would protonate at the other
site and lead to 100% conversion to 6a.
Scheme 15. DOTf can protonate either Pt or O
first.

Mechanism 4

4

5a, 66%

5a’, 33%

6a, 100%

This mechanism implies the formation of a third compound, 2,6- bis(diethylaminomethyl)4pyridonate platinum (II) triflate (5a’). In the first 1H NMR spectrum the chemical shifts
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originally assumed to correspond to 6a were subtly different from those in the final spectrum.
However, these differences (all < 0.1 ppm) are too small to unambiguously indicate the
formation of two compounds 5a’ and 6a. The chemical shift predicted to change the most upon
protonation of Pt, ArH, was unresolvable between the two compounds 5a and 5a’/6a; a broad
peak centered at 6.74 was the only signal in the aromatic region. The existence of 5a’ cannot
therefore be entirely ruled out.
To determine which mechanism the reaction of DOTf with 4 proceeds by, this
experiment could be repeated with unambiguously sub-stoichiometric amounts of DOTf. The
presence of two compounds in the 1H NMR spectrum (4, 5a) would be consistent with the
second mechanism. The presence of three compounds in the 1H NMR spectrum (4, 5a, 6a) would
be consistent with the fourth mechanism.
Additionally, 4 could be reacted with an acid of strength between DOTf and trifluoracetic
acid, such as HCl (pKA = -6.3) or TsOH (pKa = -2.8). If acids react by the same mechanism as
methylating agents (Scheme 12), these reactions will proceed similarly to the reaction with
trifluoroacetic acid (immediate protonation at O, followed by protonation at Pt over time). The
reaction of DOTf would especially warrant further investigation in that case. On the other hand,
one or both of these acids may be strong enough to react similarly to DOTf. Studying the
mechanism of the reaction with these two acids could be easier than with DOTf. In particular,
TsOH is a solid and easier to measure in accurately stoichiometric amounts.
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Conclusions
The Pt(II) pincer complex 4 has been successfully synthesized, marking the end of
a 10 year synthesis project. Reactions of 4 with MeOTf and MeI indicate that it is
more reactive at the O substituent than at the Pt center. However, once O has been
methylated, 4 is able to react at its Pt center as it was designed to do. This suggests
that reductive elimination of ethane from 4 follows a double methylation
mechanism. Results from reactions of 4 with acetic acid and trifluoracetic acid are
consistent with reductive elimination of methane by a double protonation
mechanism. Interestingly, 4 seems to show different reactivity towards DOTf,
warranting further investigation of this reaction. These experiments are the
beginning of many mechanistic studies that can come from this complex. So far, 4
has proven to be an interesting molecule for the study of C–H activation.
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Supplementary Information

S Figure 1: 13C NMR spectrum of 4.

S Figure 2: COSY spectrum of 4.
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S Figure 3: HSQC spectrum of 4.

S Figure 4: HMBC of 4.
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S Figure 5: 13C NMR spectrum of 7a

S Figure 6: HMBC spectrum of 7a.
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